Diploid isolates of Hansenula holstii Wick. and H. wingei Wick. usually produce two or three ascospores per ascus. An unusual nuclear event during meiosis might account for less than the expected number of four. When acridine orange or Feulgen staining was used, meiosis in both species followed the pattern established in higher plants and animals. Deoxyribonuclease treatment destroyed nuclear staining material. Six chromosomes were seen during prophase I. Three bivalents seen during metaphase I divided and moved to two poles with loss of distinct chromosomes for the remainder of meiosis. When only two or three spores were formed in an ascus, apparently normal nuclei, not enclosed in spore walls, were pushed against the ascus wall. The haploid (n) chromosome count in both H. holstii and H. wingei was shown to be three.
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Sporulation of Hansenula wingei was obtained by inoculating vegetative cells into a medium (ME medium) containing 4 g. malt extract (Difco) per IOO ml. deionized distilled water. A loop of a stock culture of the diploid strain of H. wingei was inoculated into 10 ml. YM medium after incubation overnight at 27", the cells were centrifuged at 2000g for 10 min. They were suspended in 5 ml. ME medium, added to 15 ml. ME medium in a 250 ml. Erlenmeyer flask, and incubated at 25" on a gyrotory shaker (New Brunswick Scientific Co., New Brunswick, New Jersey, U.S.A.). The temperature during incubation was critical: variation of one or more degrees above or below 25" virtually eliminated sporulation. Two or three days passed before abundant sporulation occurred.
Sporulation of Hansenula holstii was achieved in a similar manner. Complex medium containing I g. tryptone (Difco), 1.5 g. corn steep liquor (Corn Products, Pekin, Illinois), 5 g. KH,P04, 60 g. D-glucose, 5 ml. of a stock solution of salts, and 1000 ml. deionized distilled water adjusted to pH 5.0 with 2 N-KOH was required. The stock solution of salts contained 8 g. MgSOB.7H20 and 0.4 g. each of MnS04. H20, NaCl, and Fe2(S0&. H 2 0 in 200 ml. deionized distilled water. The glucose was autoclaved separately and added to the rest of the contents. Spores were produced in abundance after 4 days. As with H . wingei, incubation at 25" was critical for obtaining satisfactory sporulation. Corn steep liquor was also a factor affecting sporulation : with different batches of corn steep liquor, even from the same manufacturer, a range of 25 to 90 % asci was found.
Stainingprocedures. In order to visualize nuclear material we used two dyes, Feulgen and acridine orange, chosen because they form different chemical bonds with deoxyribonucleic acid (DNA).
The following procedure, adapted from Dr D. U. Gerstel (personal communication), was used to stain DNA with basic fuchsin. Cells were dried on a coverslip, fixed 30 min. in a I : I mixture of absolute ethanol : glacial acetic acid, hydrated 5 min. in deionized water, washed I min. in I N-HCl, and incubated 10 min. in I N-HCl at 60". The length of incubation in hot I N-HCl was critical. After acid hydrolysis, cells were stained 30 min. with basic fuchsin prepared by the method reported in Cruickshank (1965), washed I min. in deionized water, placed on a slide, and sealed with nail varnish.
Acridine orange staining was similar to the procedure of Bertalanffy, Masin & Masin (1956) . After being dried on coverslips, cells were fixed 15 min. in a mixture of equal parts of 95 % (v/v) ethanol and 95 % (v/v) diethyl ether; passed through 80, 70 and 50 % (v/v) ethanol and deionized water at I min. intervals; dipped I min. each in five washes of I % (v/v) acetic acid, followed by I min. each in deionized water and 0.1 M-sodium acetate, pH 5.0; incubated 60 min. with bovine pancreatic ribonuclease (RNase I; Nutritional Biochemicals, Cleveland, Ohio) 50 ,ug/ml. 0.1 M-sodium acetate, pH 5.0, at 35"; and washed I min. in deionized water. The cells were stained 20 min. with acridine orange (0.05 g.125 ml. McIlvaine's buffer, pH 6.0)~ destained I min. in McIlvaine's buffer, pH 6.0 (35-85 ml. 0.1 M-citric acid added to 63-15 ml. 0.2 MNa,HPO,.zH,O), differentiated I min. in 0.1 M-CaCl, and washed r min. in McIlvaine's buffer, pH 6.0. The coverslips were mounted on slides and sealed with nail polish. RNase treatment was employed to remove brightly fluorescing ribonucleic acid which tended to mask DNA-containing regions.
Bovine pancreatic deoxyribonuclease (DNase I ; Nutritional Biochemicals) 50 pug./ ml. 0.15 M-NaCl plus 0-1 M-sodium phosphate buffer, pH 5.3, was used at 35"for 6omin. For detailed chromosomal counts, a modification of the procedure of Tamaki (I 965) was employed. Cells from a 24 h. vegetative culture were dried on to a coverslip, fixed for 30 min. in ethano1:glacial acetic acid (3: I), and washed five times for I min. in deionized water. These preparations were incubated in snail digestive juice (L'Industrie Biologique Francaise S.A., Gennevilliers) at 35" for 30 min., washed three times for I min. in dionized water, and then stained with basic fuchsin as described above.
Photography. All light micrographs were taken under oil irmbersion (NA 1.30) using a Leitz Labolux microscope with Orthomat microscope camera, phase-contrast, and fluorescence attachments (Ernst Leitz, Wetzlar, Germany). Plus X Pan film (Eastman Kodak, Rochester, New York) was used for phase-contrast microscopy. For fluorescence microscopy, Kodak Plus X Pan film was exposed at an ASA four times the rated ASA and developed with D-76 (Eastman Kodak) stock solution diluted five times with tap water. The film was agitated continuously for the first 2 min. of development and then left alone for an additional 48 min. Washing and fixing followed the procedure recommended by the manufacturer.
Electron microscopy. Sporulating cells of Hansenula holstii were fixed 2 h. at 4' , 1964) . They were postfixed in 2 % (w/v) aqueous NaMnO, for 30min. at 4", dehydrated through graded ethanols to propylene oxide, and embedded in Epon 812 (Luft, 1961) . Sections were cut with a diamond knife and stained 10 min. with uranyl acetate and 10 min. with lead citrate (Reynolds, 1963) . fig. 8 ), the arms of which are seen joining during diakinesis (PI. I, fig. 9 ). The appearance of three bivalents indicates metaphase I (Pl. I, fig. 10 ).
RESULTS
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The next change observed is the loss of the large refractile body and an increase in the number of small ones (Pl. I, fig. 3 ). Chromosomal patterns in these cells are those of the remainder of the first meiotic division and metaphase I1 (Pl. I, fig. 11 ). During anaphase I the bivalents separate into two groups of three (Pl. 2, fig. 14) ; during telophase I, these groups are seen as two diffusely staining regions connected by a thin strand of fluorescing material (PI. 2, fig. 15 ). Chromosomal resolution is lost after anaphase I, and only nuclear behaviour can be followed subsequently. Thus during metaphase I1 (Pl. I, fig. 11 ) only two nuclear bodies are seen. fig. 17 ).
In the next stage of sporulation, brims of the hat-shaped spores and the general outline of the spore bodies become visible (Pl. I, fig. 5 ). Nuclear configurations resemble those of telophase 11. The final step in sporulation followed by phasecontrast microscopy is the loss of refractile bodies and the clear delineation of spores within the ascus (PI. I, fig. 6 ). When only two spores with enclosed nuclei (Pl. 2, fig. 18 , brightly fluorescing regions) are formed in an ascus, two other nuclei (Pl. 2, fig. 18 , weakly fluorescing regions) not enclosed in spore walls are pushed against the ascus wall. Asci with one or three spores also contain unenclosed nuclei. Thinsectioned cells viewed in the electron microscope confirm this observation. Plate 2, fig. I g illustrates an ascus in thin section. In this plane of section three nuclei are seen, one in a spore and two pushed against the ascus wall. A second spore is seen, although the nucleus in this spore is not seen in this plane of the section.
As expected, vegetative cells derived from haploid spores display three chromosomes
In order to confirm the chromosomal count obtained when cells were stained by the Feulgen or acridine orange technique, we chose to utilize the procedure of Tamaki (1965), which, with the use of snail digestive juice, should permit better squashing of cells and hence improve resolution of individual chromosomes. Accordingly, vegetative cells of the diploid strain and of the complementary haploid strains were treated as described in the Methods section, and the stained chromosomes in 200 cells of each strain counted. A representative experiment yielded the data presented in Table I . Clearly, the diploid cells contain six chromosomes and the haploid cells three. The L D~ cell with 1 1 chromosomes was lying adjacent to the mature bud of another cell ; consequently, their nuclear material may have become mixed during preparation. The same circumstance might also account for the haploid cells containing 4 to 6 chromosomes. On the other hand, if the duplicated chromosomes had already divided but not yet entered the bud, one would expect to find more chromosomes than the suggested haploid number.
Meiosis in Hansenula wingei. Plate 3, fig. 20 to 26 show the sequence of events seen with phase-contrast during sporulation of Hansenula wingei. Vegetative diploid cells inoculated into ME medium have a single small refractile body (Pl. 3, fig. 20 ). Shortly after inoculation into ME medium, a vacuole-like inclusion appears within the cell (Pl. 3, fig. 21 ) and increases in volume (Pl. 3, fig. 22 ). Numerous small refractile bodies then appear (Pl. 3, fig. 23 ), and division I nuclear configurations can be found in similar cells stained with acridine orange or Feulgen. Next, the vacuole-like inclusion disappears and the small refractile bodies increase in number (PI. 3, fig. 24 ). Division I1 configurations are found in similar cells stained for DNA. With the loss of the small refractile bodies, round, spore-like bodies form (Pl. 3, fig. 25 ). Finally, hat-shaped spores typical of this species develop (Pl. 3, fig. 26 ).
Some differences exist between morphogenesis of Hansenula holstii and H . wingei as seen through phase-contrast optics. Vegetative cells of H . holstii have a large, lipid-containing refractile body whereas vegetative cells of H. wingei contain a small (Pl. 2, fig. 12 ).
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one (Pl. I, fig. I Chromosomal and nuclear behaviour during meiosis in Hansenula wingei (PI. 3, fig. 27 to 36 ) is similar to that in H. holstii. During anaphase 11, however, three nuclei appear in one plane of focus and the fourth nucleus is seen in another plane (Pl. 3, fig. 33, 34 ). This distribution of nuclei is seen also in telophase I1 (Pl. 3, fig. 35, 36) . Rarely, anaphase I1 and telophase I1 configurations may be found in one plane of focus. These findings suggest that, at least for asci containing three spores, the axes of the anaphase TI divisions may be determinately oriented so that the three nuclei to be included within the spores are in one plane, and the remaining nucleus in the other plane will remain unenclosed (Pl. 3, fig. 37 ). In those asci containing less than four spores, unenclosed nuclei are found pushed against the ascus wall (Pl. 3, fig. 37 ), as is seen in H. holstii asci (Pl. 2, fig. 18 ).
DISCUSSION
The sequence of chromosomal and nuclear events in sporulating cells of Hansenula holstii and H. wingei, as determined from hundreds of preparations stained with either Feulgen or acridine orange, is reconstructed in Fig. I . This sequence resembles that occurring during meiosis in higher organisms (Swanson, I 
957).
Nuclear behaviour during meiosis in Hansenula anomala was diagrammed earlier by Yuasa (1967), but only some of the stages seen in Hansenula holstii and H. wingei were shown. The data indicate that meiosis in Hansenula resembles closely that recorded for Saccharomyces cerevisiae (McClary, Williams & Lindegren, I 957) : in both instances, resolution of chromosomes is lost after anaphase I, and nuclear behaviour is followed for the remainder of meiosis. Likewise, the events of sporulation, as revealed by phase-contrast microscopy, are similar in H. wingei and S. cerevisiae (Miller, McClary & Bowers, 1963) . The occurrence of 'naked' nuclei in asci that also contain maturelascospores was suggested for S. cerevisiae (Nagel, I 946 ; Pontefract & Miller, 1962) , but the limited resolution of the light microscope could not preclude the existence of a primitive wall around some nuclei. Our demonstration by electron microscopy that some nuclei in asci of H. wingei and H. holstii are, in fact, naked seems unequivocal.
D. A. STOCK AND S. H. BLACK
Haploid cells of Hansenula holstii and H. wingei have three chromosomes. Yuasa, Osumi & Fujiki (1966) showed that during mitosis H . mrakii exhibited four chromosomes and H. jadini exhibited three; Yuasa (1967) reported that H. anomala displayed a haploid complement of two chromosomes. To our knowledge, Yuasa's (1967) diagrams are the first to picture chromosomes in the resting nuclei of the haploid products of meiosis.
Leptonema
Zygonema Diakinesis or pach y nema Our goal was to determine if nuclear abnormalities in Hansenula holstiiand H. wingei might account for the formation of less than four ascospores per ascus. We conclude that no nuclear abnormalities occur during meiosis in these species and that four apparently normal haploid nuclei are formed. Three lines of evidence suggest that production of less than four spores per ascus is the result of nutritional limitations or of insufficient spore wall precursor(s), rather than some nuclear deficiency. (i) One regularly finds three spores per ascus and rarely four spores per ascus. If a locus or a group of loci coded for non-incorporation of nuclei into spores, one would not expect more than two spores per ascus because two copies of this (these) locus (loci) would exist in the meiotic products. (ii) We have never observed cytologically any abnormalities, such as breakage-fusion-bridges (Swanson, I 957), during meiosis. (iii) The particular batch of medium used seems to influence the number of spores formed per ascus. For example, the ascus of H. holstii in P1.2, fig. 18 came from a culture which contained almost entirely two-spored asci. Cells grown in another batch of medium produced mainly three-spored asci.
We have demonstrated that production of less than four spores per ascus is not the result of a lack of meiotic products. The question now raised is why some of the nuclei from meiosis are not utilized in the formation of spores. Fig. 18 . Ascus with two brightly fluorescing spores and two weakly fluorescing unenclosed nuclei (arrowhead) pushed against the a s m wall. Fig. 19 . Electron micrograph of an ascus of Hansenulu holstii showing three nuclei (N) in the plane of section: one in a spore (S) and two others pushed against the axus wall. Another spore (Sl), the nucleus of which is not in this plane of section, is also pictured. Chromosomal resolution lost after anaphase I and thereafter only nuclear behaviour could be followed. Fig. 33, 34 . Two planes of focus, showing anaphase I1 with three nuclei in one plane and the fourth nucleus in the second plane. Fig. 35, 36 . Two planes of focus picturing telophase 11. Fig. 37 . Ascus with three spores and one unenclosed nucleus (arrow). 
